The eŠect of methanol extract and protocatechuic acid from the leaves of Zanthoxylum piperitum on lipid peroxidation and drug metabolizing enzymes were investigated in the liver of bromobenzene-treated rats. The methanol extract and protocatechuic acid reduced the level of lipid peroxide induced by bromobenzene. The methanol extract and protocatechuic acid reduced the activity of aniline hydroxylase that had been increased by bromobenzene, while did not aŠect the activities of aminopyrine N-demethylase and glutathione S-transferase. The methanol extract and compound eŠectively restored the activity of epoxide hydrolase which had been decreased by bromobenzene. These results may suggest that the methanol extract of Z. piperitum and protocatechuic acid prevented lipid peroxidation by reducing the activity of aniline hydroxylase, an epoxide-producing enzyme, and by enhancing the activity of epoxide hydrolase, an epoxide-removing enzyme, in rats that had been intoxicated with bromobenzene.
Bromobenzene is a toxic industrial solvent that is known to produce centrilobular hepatic necrosis through the formation of reactive epoxides as the toxic intermediates. Bromobenzene is converted to bromobenzene 3,4-oxide by the mixed-function oxidase system in the liver. The electrophilic bromobenzene 3,4-oxide acts as a liver toxin. 1) In the course of studies to search for bioactive components from natural sources we investigated the biological activity of Zanthoxylum piperitum A.P. DC. (Rutaceae) in rats that had been intoxicated with bromobenzene. Z. piperitum is used in Korea as a spice and folklore medicine against vomiting, diarrhea and abdominal pain.
2) Many components such as essential oils and lignans have been isolated from the plant. [3] [4] [5] [6] [7] In the present study, the in‰uence of Z. piperitum and of its compound, protocatechuic acid, on lipid peroxidation and the activities of hepatic enzymes involved in the formation and metabolism of epoxides were examined in bromobenzene-treated rats.
Materials and Methods
Plant material. Z. piperitum was collected by the author (J. M. Hur) in Suncheon, Jeonnam, Korea on July 25, 1998. A voucher specimen (NM0337) has been deposited at the Herbarium of Department of Oriental Medicine Resources at Sunchon National University.
Isolation of the active compound. Dried and powdered leaves (1.6 kg) of Z. piperitum were re‰ux-ed with methanol. The methanol extract (250 g) was partitioned with organic solvents of diŠerent polarity to obtain dichloromethane (80 g), ethyl acetate (29 g), n-butanol (37 g) and aqueous (70 g) fractions. The ethyl acetate fraction was subjected to silica gel chromatography, using chloroform-methanol-water (25:7:5, lower layer) and CHCl3-methanol-H2O (7:3:1, lower layer) as solvents, and to Sephadex LH-20 chromatography, using methanol as the solvent, to obtain protocatechuic acid 8) ( Fig. 1 150 .0 (C-4), 144.9 (C-3), 121.9 (C-6), 121.7 (C-1), 116.6 (C-2), 115.2 (C-5). Animals. Male Sprague-Dawley rats (Daehan Biolink, Umsung, Korea) 6 to 7 weeks old and weighing about 180-200 g, were fed ad libitum with a commercial standard basal rat diet (AIN-76) and water, and maintained at 20±29 C with a 12 hr light W dark cycle. The International Chemical & Laboratory Animal Association (ICLAS) sub monitoring center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), in Korea certiˆcated the grade of laboratory animals used for this experiment as speciˆc pathogen-free (SPF). The animals were cared for under the guidelines for the care and use of laboratory animals established by the Institute of Laboratory Animal Resources, United States.
The animals were orally administered daily for one week with 250 or 500 mg W kg of the methanol extract of the plant or with 5, 10 or 20 mg W kg of protocatechuic acid that had been isolated from the plant. Each sample was dissolved in 1z Tween 80. The normal group was given 0.2 ml of 1z Tween 80 per 200 g. During theˆnal two days of the oral treatment, the rats were injected i.p. with bromobenzene (460 mg W kg) 9) 4 times at 12 hr intervals. The animals were sacriˆced by exanguination from the aorta under anesthesia with CO2 12 hr after theˆnal bromobenzene injection, the animals being starved for 18 hr before sacriˆce in order to reduce the variation in hepatic metabolism.
Enzyme source. The liver, which had been exhaustively perfused with ice-cold 0.9z NaCl through the portal vein until uniformly pale, was immediately removed and weighed. A portion of the liver tissue was homogenized with 4 volumes of an ice-cold 0.1 M potassium phosphate buŠer at pH 7.5. The homogenate was centrifuged at 600×g for 10 min, and the resulting supernatant was recentrifuged at 10,000×g for 20 min. The supernatant was further centrifuged at 105,000×g for 60 min to obtain the upper fraction as cytosol. The pellet was resuspended in the same volume of the 0.1 M potassium phosphate buŠer and centrifuged at 105,000×g for 60 min to obtain the microsomal fraction. The homogenate was used to determine the contents of lipid peroxide and glutathione. The cytosolic fraction was used as the enzyme source of glutathione S-transferase, and the microsomal fraction was used to measure the activities of aniline N-demethylase, aniline hydroxylase and epoxide hydrolase.
Determination of the lipid peroxide and glutathione levels. The level of thiobarbituric acid reactive substances (TBARS) in the liver was measured as a marker of lipid peroxidation. 10) A mixture of 0.4 ml of a 10z liver homogenate in 0.9z NaCl, 1.5 ml of 8.1z sodium dodecyl sulphate, 1.5 ml of a 20z acetate buŠer (pH 3.5) and 1.5 ml of a 0.8z TBA solution was heated at 959 C for 1 hr. After cooling, 5.0 ml of n-butanol-pyridine (15:1) was added for extraction, and the absorbance of the nbutanol-pyridine layer was measured at 532 nm. The glutathione content of the liver was measured by a colorimetric method.
11) Mixture of 0.5 ml of the liver homogenate and 0.5 ml of 4z sulfosalicylic acid was centrifuged at 2,500 rpm for 10 min. To 0.3 ml of the resulting supernatant, 2.7 ml of disulˆde reagent [39.6 mg of 5,5?-dithiobis(2-nitrobenzoic acid) in 1,000 ml of a 0.1 M sodium phosphate buŠer (pH 8.0)] was added, and absorbance at 412 nm was measured after standing at room temperature for 20 min.
Enzymatic assays. The aminopyrine N-demethylase activity was assayed by measuring the production of formaldehyde formed by the demethylation of aminopyrine.
12) The reaction mixture consisted of 300-400 mg of microsomal protein, a 0.1 M potassium phosphate buŠer (pH 7.5) and 2.0 mM aminopyrine in a total volume of 2.0 ml. The mixture was preincubated for 3 min at 379 C, and 0.5 mM NADPH was added to initiate the reaction. The reaction was stopped after 30 min by adding 0.5 ml of 15z ZnSO4 and saturated Ba(OH)2, and the resulting mixture was cooled to room temperature. After centrifuging at 1,000×g for 10 min, 1 ml of the supernatant was mixed with 5 ml of the Nash reagent. The tubes were then capped and heated at 609 C for 30 min. After cooling in tap water, the absorbance was read at 415 nm against a water blank. The activity is expressed as nmol of formaldehyde W mg of protein W min. The aniline hydroxylase activity 13) was assayed by determining the p-aminophenol formation from aniline. The incubation method was similar to that just described, except that 1 mM aniline was used as the substrate. The reaction was initiated by adding 0.5 mM NADPH. After shaking for 30 min at 379 C, the reaction was terminated by adding 0.5 ml of 20z trichloroacetic acid. The mixture was centrifuged at 1,000×g for 10 min, and 1 ml of the supernatant was added to 1 ml of 0.2 N NaOH containing 2z phenol. After mixing, 1 ml of 10z Na2CO3 was then added. The mixture was kept for 20 min at room temperature, before the absorbance was read at 640 nm against a water blank. The activity is expressed as nmol of p-aminophenol W mg protein W min. The glutathione S-transferase activity was assayed by measuring the conjugated glutathione 2,4-dinitrobenzene formation from 1-chloro-2,4- dinitrobenzene.
14) The reaction mixture consisted of 100 ml of the cytosol fraction, a 0.1 M potassium phosphate buŠer (pH 6.5), 1 mM 1-chloro-2,4-dinitrobenzene and 1 mM glutathione in a total volume of 3.5 ml. The mixture was incubated at 259 C for 2 min. The spectrometric change per unit time at the maximal absorbance wavelength (340 nm) was calculated with a molar extinction coe‹cient of 9.6 mM -1 cm -1 . The activity is expressed as nmol of 1,2-dinitro-4-nitrobenzene W mg of protein W min. The epoxide hydrolase activity was measured spectrophotometrically by monitoring the decrease in trans-stilbene oxide (TSO) at 229 nm. The reaction mixture consisted of 100-200 mg of microsomal protein and 3.0 mM TSO in a 0.05 M potassium phosphate buŠer (pH 7.0) in a total volume of 3.0 ml. The mixture was incubated for 20 min at 379 C. The activity is deˆned as nmol of TSO W mg of protein W min. 15) Protein assay. The protein content was determined by the method of Lowry et al., 16) using bovine serum albumin as a standard.
Statistical analysis. The statistical diŠerences among the experimental groups were determined by Duncan's multiple-range test.
Results
The eŠects of the methanol extract and protocatechuic acid from the leaves of Z. piperitum on the lipid peroxide content in the liver of the bromobenzene-intoxicated rats are demonstrated in Fig. 2 . The i.p. injection of bromobenzene increased the lipid peroxide content to 53.1 and 48.7 nmol of TBARS W g from the normal values of 18.4 and 19.4 nmol. However, this increased TBARS content was suppressed by 19z and 22z with pretreatment by the methanol extract (500 mg W kg) and protocatechuic acid (20 mg W kg), respectively.
The changes in the activities of hepatic aminopyrine N-demethylase and aniline hydroxylase are shown in Table 1 and Fig. 3 . The treatment with bromobenzene increased the activities of aminopyrine N-demethylase and aniline hydroxylase in comparison with the normal group. The increase in aniline hydroxylase activity by bromobenzene was respectively reduced by 22z and 41z with oral pretreatment by the methanol extract (500 mg W kg) and protocatechuic acid (20 mg W kg). However, there was no such reduction in the aminopyrine Ndemethylase activity from an oral treatment of either the methanol extract or protocatechuic acid.
The injection of bromobenzene increased the glutathione S-transferase activity to 278.2 nmol W mg of protein from the normal value of 254.2 nmol W mg of protein (Table 2) . No change in the glutathione Stransferase activity was apparent by treatment with the methanol extract. However, the enzyme activity was not increased in the rats that had been pretreated with protocatechuic acid at a dose of 20 mg W kg of body weight. Table 3 presents the change in glutathione content when bromobenzene was injected into the rats treated with protocatechuic acid. The hepatic glutathione content was signiˆcantly decreased in comparison with the level in normal rats. However, pretreatment with protocatechuic acid at a dose of 20 mg W kg of body weight restored the hepatic glutathione level.
As shown in Fig. 4 , the epoxide hydrolase activity was lower in the bromobenzene-treated rats. The oral administration of 500 mg W kg of body weight of the methanol extract and 20 mg W kg of protocatechuic acid restored the epoxide hydrolase activities by 43z and 37z, respectively, in the bromobenzene-treated rats.
Discussion
Bromobenzene is a xenobiotic liver toxin that is known to produce centrilobular hepatic necrosis through the formation of reactive epoxides as the toxic intermediates. In the metabolism of bromobenzene, the nontoxic 2,3-epoxide, which readily forms 2-bromophenol, or the toxic 3,4-epoxide are produced upon oxidation by cytochrome P-450 monooxygenases. Several pathways exist that can detoxify the reactive 3,4-epoxide; rearrangement to the 4-bromophenol, hydration to the 3,4-dihydrodiol catalyzed by epoxide hydrolase, or conjugation with glutathione. When more 3,4-epoxide is produced than can readily be detoxiˆed, cell injury is increased. 17) Z. piperitum has traditionally been used for the treatment of vomiting and diarrhea 2) and as a food treatment in Korea. The eŠects of Z. piperitum on the enzymes involved in the detoxiˆcation of bromobenzene in rats were investigated in the present study. The rats were orally administered daily with a methanol extract (250 or 500 mg W kg) of the leaves of Z. piperitum or with protocatechuic acid (5, 10 or 20 mg W kg) for one week prior to the bromobenzene treatment. Protocatechuic acid (3,4-dihydroxybenzoic acid) was isolated from ethyl acetate-soluble fraction of the methanol extract of the leaves of Z. piperitum by column chromatography. Bromobenzene was i.p. injected four times at 12-hr intervals during theˆnal two days of the oral administration of the methanol extract or protocatechuic acid.
The hepatic lipid peroxide level in the normal rats was signiˆcantly increased by the i.p. injection of bromobenzene. The methanol extract of Z. piperitum and its component, protocatechuic acid, reduced the level of lipid peroxides induced by bromobenzene. Lipid peroxides are formed by oxidation of polyunsaturated fatty acids in mitochondria, microsomes, erythrocytes and platelets. The membranes of cells are rich in phospholipids containing polyunsaturated fatty acids. Therefore, the formation of a lipid peroxide can cause cell damage and tumor formation in the stomach of experimental animals. 18) Epoxides inhibit the activities of various enzymes and act as a mutagen. They are often associated with cancer, aging and various metabolic diseases. Epoxides in the body either originate from the external environment, especially as an industrial byproduct, or are intrinsically produced in the body.
The pathways for detoxiˆcation are divided into phase I and phase II. 19) Phase I enzymes produce more polar and fewer lipophilic groups. The synthetic reaction or conjugation by phase II enzymes results in the addition of endogenous molecules such as glucuronic acid, sulfate and glutathione. 20) Cytochrome P-450 has received the most attention among the phase I enzymes, it being divided into type I and type II, based on the drug binding type and site existence. 21) Type I and type II catalyze aminopyrine and aniline as a substrate, and respectively produce formaldehyde and p-aminophenol as the product, this being associated with the production of free radicals in the microsomal system.
The activities of microsomal aminopyrine Ndemethylase and aniline hydroxylase in the liver were signiˆcantly increased by bromobenzene injection. Pretreatment with the methanol extract of Z. piperitum or protocatechuic acid decreased the aniline hydroxylase activity, the enzyme responsible for producing bromobenzene epoxide. Pretreatment with the methanol extract did not have any eŠect on the increase in aminopyrine N-demethylase activity, while protocatechuic acid showed weak inhibition of this enzyme activity.
Glutathione, a tripeptide containing a sulfhydryl group, is a highly distinctive amino acid derivative with several important roles. For example, glutathione plays a key role in detoxiˆcation by reacting with hydrogen peroxide, organic peroxides and the harmful by-products of aerobic activity. 22) An important drug-metabolizing and detoxiˆcation enzyme is glutathione S-transferase which catalyzes the reaction of a wide variety of electrophiles with glutathione. Bromobenzene 3,4-oxide, an epoxide acting as a liver toxin, can be detoxiˆed by glutathione S-transferase. Pretreatment with the methanol extract had no eŠect on the enzyme activity that had been increased by bromobenzene, while protocatechuic acid of Z. piperitum showed a weakly inhibited this enzyme activity.
Bromobenzene-oxide is also metabolized to nontoxic bromobenzene 3,4-dihydrodiol by epoxide hydrolase. This enzyme activity of the normal group was signiˆcantly decreased by bromobenzene, although this activity was restored by pretreatment with the methanol extract and with protocatechuic acid.
In conclusion, the protection against bromobenzene-induced lipid peroxidation by Z. piperitum and its component, protocatechuic acid, is thought to have been mediated via the enhanced activity of epoxide hydrolase, the enzyme responsible for removing bromobenzene epoxide, and via the reduced activity of aniline hydroxylase, the enzyme responsible for forming the epoxide.
